High tidal volume mechanical ventilation elicits increased activity in protein kinase B and c-Jun NH2-terminal kinase pathways in mouse diaphragm.
Unloading of the diaphragm via mechanical ventilation for more than 5 days leads to weaning difficulties. Mechanical ventilation can induce production of inflammatory cytokines and extracellular matrix proteins. The mechanisms regulating interactions between mechanical ventilation and diaphragmatic injury are unclear. We hypothesized that high tidal volume mechanical stretch augmented diaphragmatic injury via serine/threonine kinase/protein kinase B (Akt) and c-Jun NH(2)-terminal kinase (JNK) pathways. Male C57BL/6, either wild type or Akt deficient, weighing between 20 and 25 g, were exposed to high tidal volume (30 ml/kg) or low tidal volume (6 ml/kg) mechanical ventilation with room air for 2-8 h. High tidal volume mechanical ventilation induced Akt, JNK, and class O of forkhead box transcription factor 4 (Foxo4) activation in a time-dependent manner. Disruption and atrophy of muscle fibers in the diaphragm, positive staining of phospho-Akt in the myofiber membrane, and increased production of free radicals were also found. Mechanical ventilation of Akt-deficient mice resulted in attenuated diaphragmatic injury, Akt, JNK, and Foxo4 activation, and free radical production. Our data suggest that high tidal volume mechanical ventilation produces diaphragmatic muscle damage and free radical production through activation of the Akt and JNK pathways.